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3D Echocardiography for Planning and
Guidance of Interventional Closure of VSD
Marietta Charakida, MD, PHD, Shakeel Qureshi, MD, John M. Simpson, MD
IN 1 9 8 8 LOCK ET AL . ( 1 ) DESCR IBED THE F IRST TRANCATHETER VEN -
TR ICULAR SEPTAL DEFECT (VSD ) closure and since then a number of different devices
ave been developed. Both muscular and perimembranous VSDs have been closed by transcatheter
eans in specialized interventional centers (2). Complications have been described including tricuspid
alve damage, aortic regurgitation, and heart block. Careful planning and guidance during the
ntervention is necessary (2).
hree-dimensional (3D) echocardiography has the potential to assist in interventional closure of VSDs by
endering the depth of ﬁeld and allowing visualization of the ventricular septum in any desired orientation. With
espect to the size of the defect, 2-dimensional echocardiographic measurements are typically made in 2
rthogonal planes, often achieved by altering the rotational angle of the transesophageal echocardiography
robe. The operator is not able to visualize the entirety of the VSD in a single plane to be able to ensure that the
rue maximum length and breadth of the defect have been measured (Fig. 1, online videos 1–3). 3D
chocardiography permits projection of an en face view of the VSD fromwhich accurate sizing can be performed
rrespective of the shape or location of the defect and independent of pre-deﬁned angles of insonation. VSDsmay
ften have unusual or irregular shapes and the 3D technique has the ability to display suchmorphology and assist
n the selection of the appropriate occlusion device (Fig. 2, online videos 4–6). Assessment of adjacent structures
nd “rims” of the VSD is a major strength of 3D echocardiography compared to 2D echocardiography, because
ll rims around the defect can be visualized in a single sonographic projection and viewed from either the left or
ight ventricle (Fig. 3, online videos 7, 8 ). The size of a given rim is not constant around the defect, which needs
o be accounted for during device placement. In practice, the rim of the defect below the aortic valve and
roximity to the tricuspid valve are crucial to avoid compromising the aortic valve function or causing damage
o the tricuspid valve. Adequacy of the size of rims will depend on defect size and the type of device to be
eployed. Finally, with the use of live 3D echocardiography, the precise orientation of the occlusion device
uidance of catheters can be accurately monitored, and there is less need for multiple changes in the rotational
ngle of the transesophageal echocardiography probe compared to 2D techniques (Fig. 4, online video 9).
ll images depicted in this paper, were obtained using the Philips iE33 Ultrasound system (Philips
edical Systems, Andover, Massachusetts).
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121Figure 1. Using 3D MPR Imaging, the Dimension of the VSD and the Anatomy of the Adjacent Accessory Tissue Can Be Visualized
(A) The red plane is adjusted across the ventricular septal defect (VSD) to display it en face so that the maximum length and width can be measured (right
panel) (Online Video 1). (B) Three-dimensional (3D) reconstruction of prolapse of the right coronary cusp into the VSD, which most operators would regard as a
contraindication to catheter closure (Online Video 2). (C) Multiplanar Reformatted (MPR) images are used to facilitate en face measurement of the VSD and rela-
tionship to the aortic and tricuspid valves (Online Video 3). AV  aortic valve; LA  left atrium; LV  left ventricle; MV  mitral valve; RA  right atrium;
RCC  right coronary cusp; RV  right ventricle; RVOT  right ventricular outﬂow tract.
Figures 1 and 2.
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122Figure 2. The Size and Shape of Apical Muscular VSDs is
Readily Appreciated on 3D Echocardiography, in Contrast to
2D Techniques
3D reconstruction of a large muscular VSD projected from the
LV (Online Video 4) (A) and RV aspect (B) (Online Video 5). Spa-
tial relationships to the tricuspid valve, moderator band, and
RVOT are shown (C) (Online Video 6). Asterisks designate the
diaphragmatic surface. Ant  anterior; Inf  inferior; Post 
posterior; Sup  superior; TV  tricuspid valve; 2D  2-dimen-
sional; other abbreviations as in Figure 1.Figure 3. Perimembranous VSD Visualized From the LV Aspect
An important consideration is the minimal distance between the
aortic valve leaﬂets and the defect so that the device does not
compromise aortic valve function. On 2D echocardiography the
measurement will depend on the sonographic cut, but 3D echo-
cardiography facilitates measurement of the minimum distance
(A) (Online Video 7). (B) Demonstrates good device position
without interference with the aortic valve (Online Video 8).
Ao  Aorta; PA  pulmonary artery; other abbreviations as in
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Figure 4. Live 3D Echocardiography During the Procedure Shows Apposition of the Left and Right Ventricular Disc to the Ventricular Septum
Before Device Release
See Online Video 9. Abbreviations as in Figures 1 and 2.2R E F E R E N C E S
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For supplementary videos, please see the on-
line version of this article.
